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Abstract

In today's industrial units, operators monitor equipment performance, and
the challenging coordination between units in vast operating environments
with high volumes of equipment can lead to irreparable damage. Despite
considerable technological advancements in inspection and surveillance, this
responsibility can be effectively delegated to smart devices and the Internet
of Things (loT). Furthermore, the emergence of "edge computing”
technology has prompted researchers to explore edge-based computing
designs due to their numerous benefits. This study presents a combined
model of IoT and civilian drones for intelligent monitoring of industrial
equipment performance, employing an edge computing approach. The model
is specifically investigated through a case study involving wind turbines. The
model evaluates the performance of drones for intelligent monitoring of
wind turbines in three stages: 1) Detection process, 2) UAV computational
evacuation process, and 3) UAV local computation process. Given the dual
purpose of the final model, which involves a combination of the
aforementioned three steps, a genetic method was employed for problem-
solving with negligible sorting. The amplified epsilon restriction method,
utilizing random numbers, was also considered, but the combination of
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genetic and negligible sorting methods outperformed it, particularly in large
problems where the enhanced epsilon restriction method struggled to provide
timely responses due to the inherent complexity of the problem.

Introduction

Today, in various industries, the productivity and efficiency of
equipment contribute to the advancement of production and the
profitability of production units. Beyond repair costs, equipment
breakdowns also result in the expense of lost opportunities for the
production unit. Without a solution to prevent these costs, bankruptcy
for production units becomes a real possibility. Therefore,
consideration should be given to a solution for the optimal monitoring
of equipment. Clearly, swift action is crucial when any equipment is
damaged, and such rapid response is unattainable through human
effort alone. Despite significant technological advances in inspection
and monitoring, this task can be delegated to smart tools and the
Internet of Things (1oT). The loT is regarded as one of the most
crucial factors for the prosperity and progress of today's and future
industrial businesses. Modernizing equipment is a priority for today's
industries to quickly adapt to the evolving market changes and harness
existing technologies. Businesses incorporating loT into their
infrastructure experience substantial growth in areas such as security,
productivity, and profitability. As the use of industrial 10T increases,
productivity levels in industries are naturally expected to rise. The loT
can accumulate massive amounts of information and data, enabling
factories and companies to optimize their systems and equipment
without being hindered by technological and economic limitations.
However, a challenge arises from the substantial volume of data
generated by the 10T, which is sent to cloud computing centers for
processing. Centralized (cloud) processing results in high
communication delays and lowers the data transfer rate between IoT
devices and potential users, creating operational challenges in the
network. To address this issue, the concept of edge computing has
been proposed. Edge computing allows 0T services to process data
near their own data sources and data sinks instead of relying on the
cloud environment. This approach leads to reduced communication
delays and more efficient utilization of computing, storage, and
network resources. It also minimizes execution time and energy
consumption, proving to be highly beneficial for l1oT applications.
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Consequently, with the advent of "edge computing™ technology, many
researchers have embraced edge computing-based designs due to its
numerous advantages.

Materials and Methods

In this research, a combined model of the Internet of Things and
civilian drones was presented for the intelligent monitoring of
industrial equipment, utilizing an edge computing approach. The
model was investigated through a case study involving wind turbines.
The performance of UAVs for intelligent monitoring of wind turbines
was examined in three stages: 1) Detection process, 2) UAV
computational evacuation process, and 3) UAV local computing
process. Given the dual purpose of the final model, which involved a
combination of the aforementioned three steps, the model was
addressed using genetic methods with sparse sorting and the enhanced
epsilon constraint method employing random numbers. The genetic
method with sparse sorting outperformed the enhanced epsilon limit
method, particularly in problems with large dimensions. The
complexity of the problem made it challenging for the enhanced
epsilon constraint method to provide timely responses in such cases.

Results

The findings of this research offer valuable insights for the effective
and accurate management and monitoring of industrial equipment
across various industrial units, aiming to optimize costs, quality, and
inspection time. Additionally, this research can provide guidance in
considering regulatory restrictions in equipment placement before
constructing an industrial unit. During the equipment arrangement
phase, the model presented in this research can be utilized for optimal
energy consumption and time management. As the combined model of
the Internet of Things and civilian drones for intelligent monitoring of
industrial equipment is a novel concept in the literature, there exist
numerous opportunities for further development in this field. This may
include the application of the model in additional case studies, such as
enhancing the intelligent monitoring of power supply systems, fire
services, etc. Moreover, there is potential for refining the mentioned
model under conditions where drones operate simultaneously without
a specific sequence.
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Conclusion

Failure to monitor industrial equipment properly can result in
substantial financial losses for factories and production units. The
improper operation of equipment may lead to complete failure,
necessitating the need for replacement. Additionally, increased
equipment downtime, quality issues, reduced production speed, safety
hazards, and environmental pollution can be consequences of
equipment failure, ultimately diminishing the profitability of the
production unit. Considering factors such as embargoes, emphasis on
domestic production, and self-sufficiency, accurate supervision
becomes economically crucial for factories.

Effective management of the proper operation of industrial
equipment is a fundamental requirement for every production unit,
given that industrial equipment represents a significant investment for
the unit. If device maintenance is limited to repairs only after
breakdowns occur, production devices will consistently face
unexpected halts, preventing production productivity from reaching its
predetermined goals. Therefore, designing a framework for the
"intelligent monitoring of the performance of all relevant industrial
equipment” stands as one of the most crucial actions for any
production unit. Depending on the type of equipment, monitoring the
performance of industrial equipment may encompass periodic
inspections, maintenance and repair planning, and scheduling the
optimal operational time for the equipment.

Keywords: 10T, UAV, Edge Computing, Intelligent Monitoring.



LTSRN

VAN el

5L @JU

=

VECYVIYY

. “)U

il

\Eo Y/ AN

ISSN: 2251/8029

elSSN: 2476-602X

(RO S g Ollae
EV B o VB Y Ol VY o5led (oS 5 oy Il

jims.atu.ac.ir
DOI: 10.22054/jims.2023.66540.2769

3509y b Swo Olpexd g Nwwgd OHl Jow 10k
18390 dxlliae) oSS 318 3 ot g § JESI 0 (8 3lwdugs
(Sob S msy

f)kjdjldgwc@‘x#ombédwCA.‘:‘X‘AA@)LS):{)&M':

- 051387 Lyl
Ol 58 odal 35T o0&l ¢ sLusl bl el

J.:g,.‘:‘u a@d‘é &LgJ\J\.gL..’ 9l g av\g..i."\) e o g ang Sl

375 e 8

Q‘xl ‘Ol)@.T 4&.:"..@;.

e S>>

S8 Lloa 5 35 e plawl 51 g Sl 3 Shas y Sl gwio ladg 53 050l
Sldo 5 o3 p LKl Srway bidoly o Sales Ol Vb o 5 Slles Lo
Olgan w5 sl aie 53 G555 Rk Al iy 35k 2005 5 55 60
c(m.J";.J\.ib»Qltmbungjl;é‘)_ﬁbQ‘W.:ﬂ;@luﬂ\jwﬁéh)\ﬁlgbA.A:léj&il
ol s | Ales 5 0 g sld Sl P L;hg\,la Bl OT sbise J.:b 4 Ol 3 (g b
Sl 3 Slas y dadpn Sl g ol 8 slaslgy 5 eLsl ol 1 oS5 (e s
58 513 s p3s3m 63h Sl 5 (83558 aalllas Ol ey oS s Sl ad (ELI 5,5 L aae
I3 o pyse Ao a5 (63L Glauy g Labss OHlal g sl :J§L¢5 WJde opl s
554 a5 Lol owe Slawbos T 5 (F sl Slwbws ki anT 3 (Y Lasets 1T 5 (V.05 8
o b (il o b oS5 Gla i) dow s e 03,5 B3 b o a1 oS 545 lg e O3 g s
Sl o b S5 By 5 A o 3Ll slel Sl eslinal b sldiy 3 kol Cysgdoee g
Coagioms 5oy caltes (Somy 15 4 855 slul b Plas 55 1,5 e0ils e 3 Slas 0,26

355 i 0l 53 (g w4 536 0lbZy 58 S

LS)bJ‘:"'.'.> 4)Lw.lm4‘): 4&)‘.11\9‘ c(Y,' w>r)l.€;: W u%‘ ;)}Jw)w-;‘ \Aoij‘,\S

elhamaghgzadeh11@gmail.com :J stue s 5 3


https://journals.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/
https://doi.org/10.22054/jims.2023.66540.2769
https://doi.org/10.22054/jims.2023.66540.2769
https://orcid.org/0009-0002-7904-5094
https://orcid.org/0000-0002-4562-8032

VF oY Ol | VY o)u|éjwdu|wqﬁuoww|s

PRV
5 Ols Sdhy Carse Dl ol 5 Gosesp il mlo 5o o5l
win pogdle VT il 5 Ol jugas 031851 55 oo G 5 (sladols (55575 5u
S Go3ed 5 e Jomte G5 Aol ) a )l o b 4y e (Ol ran
Ly U5 sladaty Wl 5 oo 358 ol 5 @yl bad ja ol 51 5,8 sl (s Kl
725 A il sloslr Sl g g ol g 5 LI s Sy 4 gy
)JJ\J&Y\{%@‘WTQ;J:MJLg‘J{JJuJMéMﬁWTC&AG@‘
SN o Sl (gl I s O Gl (55,5 Loy Jos S
23 kg 5 b s e 8y Mo 5 55 51 Ol ) A 5 T 2 0 b
b 53T 1y Ll S5 2l ¢ gbgn el g0 ) S 7 487 35 sl S5 2l
e SIS 5SSk 5 By 53 S Jelse o S 3 (SO LaI S )
o jyde gz 5o U Ao S Jb= 53 (659 ! c_l....a Ssd o A ol T 5 (55 !
@8 5 Sl b sy Sl b e LG b p b BT s Sl g 058
02 Ll Sl LS gl eSS esliel s SIS I
(sl Osmmen gladie) 5 (5, Redir ysba (les S eslimul 35 slacsla )
ree LAl G eslatul ax e L dladls A (5973 g o 3 (590,
8L Al BB Al G mlee 53 0ds S Glacise e Ol ekl SIS
4oy AS ‘_g))-\'@.? L Wesls 3 Oledbl 1 a4l s Llg o Ll ol
O35 3 B 1y S350 p o 45 a3 1 03l ol B 1 5 Ol IS
s ol ol pile alasl 5 (SG5 )5S0 (slay s sutoms K1 O (ST S 55
Loy odddd g slaesls = &S Sl ol Gl 39330 Olas opl 53 &S (glalis Lol
Tl UL S e 4 SEils s sl esls LI GO [0 B W G Y
YU (Lol sl bt e () S ame (25l hy 4l s 135 g0 0l 3
35T o ol 1y o8l Oyl 5 st 5 2l (slaeams (o Wnesls JUisl & 5 5 o

1. Internet of Things (I0T)
2. Cloud Computing
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1. Selection Operator

2. Crossover Operator

3. Mutation Operator

4. Non-Dominated Sorting Genetic Algorithm (NSGA)
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